We report a 10-year-old child with congenital methaemoglobinaemia and temporomandibular joint ankylosis who presented for ophthalmic surgery. He had had two previous anaesthetics in another institution. The first was short and uneventful, and no abnormality was noted. During the second anaesthetic, low haemoglobin oxygen saturation on pulse oximetry was noted after an inhalational induction. The diagnosis was not apparent and the management of the apparent hypoxaemia markedly complicated the clinical course. The patient required prolonged intensive care and tracheostomy. The tracheostomy was ultimately decannulated. Before his third anaesthetic (after referral to the authors' institution) preoperative investigation revealed that the patient, his father and brother all had methaemoglobinaemia.
Methaemoglobinaemia can be diagnosed in the laboratory by various methods including co-oximetry, photospectrometry and haemoglobin electrophoresis. A simple bedside test agitating the patient's blood with air can suggest methaemoglobinaemia, due to the inability of the blood to attain the usual cherry red hue. Pulse oximetry values in these patients can be misleading and difficult to interpret. Pulse oximetry can underestimate the actual saturation at high levels and overestimate at low levels. It is not known whether trending of the pulse oximeter values intraoperatively would serve as a monitor of the intraoperative haemoglobin saturations fluctuations. The genetic inheritance and the anaesthesia implications of methaemoglobinaemia are also reviewed and discussed.
hereditary methaemoglobinaemia is a rare condition clinically characterized by cyanosis due to the presence of methaemoglobin. usually the patient has no other pathological problems. The following is a case report of a child with familial methaemo-globinaemia and a difficult airway due to temporomandibular joint ankylosis that required surgery for orbital decompression. The patient had a history of significant complications arising from the management of his apparent hypoxaemia during and after a previous anaesthetic. A literature search did not show any similar report in a child.
CASe hISTOrY
A 10-year-old 24 kg male patient with restricted mouth-opening presented to us for orbital sequestrectomy following an injury to his right eye and zygoma in an accident. The father of the patient reported the problems associated with his previous anaesthetics. he had had two general anaesthetics in the past, both of which had been in a peripheral hospital. The first, for incision and drainage of an abscess over the zygoma, was brief and uneventful with no abnormality noted. during the second operation, cyanosis was noted after inhalational induction and pulse oximetry showed desaturation. he was intubated with difficulty due to his restricted mouthopening and transferred postoperatively to an intensive care unit (ICu) for further management. In the ICu he developed a respiratory infection and a tracheostomy was needed due to prolonged intubation. The child remained in the ICu for 18 days and was later discharged from the hospital after decannulation of the tracheostomy. The child was referred to our hospital, a tertiary care centre, for further management and investigation of the probable diagnosis of a haemoglobinopathy. he was diagnosed with methaemoglobinaemia and, after an ophthalmic evaluation, orbital decompression was planned.
during the pre-anaesthetic examination the child was found to be calm and co-operative. The patient had dark skin, and mild cyanosis could be made out in the tongue and lips only on close observation. Clinical examination of his cardiovascular system and lungs was otherwise essentially normal. Airway assessment demonstrated a mouth-opening of about 1 cm, neck movements were full and the thyromental distance was normal. A scar at the site of the previous tracheostomy stoma was visible. Breathing air revealed an oxygen saturation measured by pulse oximetry (SpO 2 ) of 56% (datex-Ohmeda). The haematological investigations showed a haemoglobin level of 105 g/l with a hematocrit of 31% and a blood methaemoglobin level by photospectrometry of 31 g/l. A search for the presence of haemoglobin M performed by haemoglobin electrophoresis was negative. Other biochemical parameters, chest X-ray and a twelve-lead eCG were normal. An arterial blood gas analysis showed a ph of 7.43, P a CO 2 28.9 mmhg, P a O 2 of 95.9mmhg and a haemoglobin oxygen saturation of 97%.
An inhalational induction followed by an oral fibreoptic intubation under general anaesthesia was planned.
The child was prepared for anaesthesia with explanation given of the need for intravenous cannulation prior to anaesthesia and the procedure of inhalational induction.
The child was fasted for four hours prior to surgery and was premedicated with oral glycopyrrolate (0.5 mg). In the operating theatre an intravenous cannula was placed and standard monitoring (pulse oximetry, non-invasive blood pressure and eCG) was instituted.
Anaesthesia was induced with gradually increasing concentrations of sevoflurane in oxygen (100%) with a facemask. After induction, the child's left radial artery was cannulated with a 22 gauge cannula and an arterial sample was taken and sent for analysis. After adequate depth of anaesthesia was achieved, as evidenced by regular respiration and reduced abdominal muscle tone, a fibreoptic laryngoscopy was performed, the trachea topicalized with 2% lignocaine 2 ml and intubation performed with a 6.0 mm Id PVC uncuffed endotracheal tube. Anaesthesia was maintained with nitrous oxide and sevoflurane. Muscle relaxation was achieved by inter-mittent doses of vecuronium, analgesia provided with fentanyl and intermittent positive pressure ventilation instituted to maintain normocarbia. The surgery lasted 150 minutes, the pulse rate and blood pressure throughout the surgery remained within normal limits and blood loss was about 100 ml. SpO 2 values remained between 52 and 70% throughout the surgery. The child received a total of 800 ml of normal saline as maintenance and replacement fluid. Intraoperatively the patient's arterial blood gas was analysed every half hour to ensure adequacy of oxygenation. The arterial blood gas analysis was essentially normal except for a mild metabolic acidosis, which was not corrected. At the completion of surgery, the muscle relaxation was reversed with neostigmine 1.25 mg and atropine 0.5 mg. The patient's trachea was extubated when the child was fully awake. The child was shifted to the PACu where he was monitored for the next three hours and then transferred to the ward.
Postoperative analgesia was provided with incremental doses of fentanyl (10 mg) and oral paracetamol. The subsequent hospital stay was uneventful. The child's family was investigated for methaemoglobinaemia and the patient's brother and father were also found to be affected.
dISCuSSIOn
Congenital methaemoglobinaemia is a rare condition and, especially when this is associated with a difficult airway, the difficulty in interpreting pulse oximetry makes anaesthesia a challenge. Making the diagnosis of methaemoglobinaemia helped us to manage this problem. We hypothesize that during his first anaesthetic, which was of short duration, pulse oximetry might not have been used, hence this and other clinical signs did not suggest a problem. during the second anaesthetic, pulse oximetry was probably commenced only after inhalational induction, as it is commonly done in children. This might have led to the misdiagnosis of arterial hypoxaemia.
The problem that our patient faced was a difficult airway, whose management was compounded by the fact that standard pulse oximetry could not be used as a monitoring device to ensure the adequacy of oxygenation during anaesthesia 1 . An ideal monitoring device for such patients would be co-oximetry in which the light of four wavelengths (535, 585, 594, and 626 nm) are used to detect hbO 2 , hbCO 2 , hb and Met hb respectively 1,2 . The oxygen saturation, so-called the fractional saturation, is the percentage sum of the four haemoglobin forms. In contrast the standard pulse oximeters estimate the functional saturation 2 }], which ignores the concentration of the other two forms of haemoglobin. This can mask potentially life-threatening situations where the functional saturation might be high despite a low fractional saturation 1 . Pulse oximeters emit light in two different wavelengths, 660 nm and 940 nm, to detect hb and hbO 2 . Methaemoglobin has the same absorption co-efficient at both these wavelengths, resulting in a ratio of 1:1, which corresponds to a SpO 2 of 85% in most of the oximeter algorithms 1,3 .
We could not explain the pulse oximeter reading in our patient, this being not fixed at 85%, as has been described, but varied widely between 52 to 70%. Whether our patient's pre-existing anaemia had any influence on the pulse oximeter reading is not known. It is also not sure whether these varying pulse oximeter values represent various degrees of true arterial desaturation that had been superimposed on the artefact created by the presence of methaemoglobin. In short, the ability to use the pulse oximeter as an appropriate 'trend' monitor of the various SaO 2 values is not known. A literature search did not demonstrate any study that has identified the effect of arterial hypoxaemia in methaemoglobinaemia patients. however, a case has been reported in which a patient with methaemoglobinaemia showed a decrease in the pulse oximeter reading in the presence of a true arterial desaturation, as confirmed by arterial blood gas analysis 4 .
In the absence of co-oximetry, a continuous intraarterial blood gas analysis (CIABG) would be the best alternative. The clinical usefulness of the CIABG has been proven, and there have been recent reports on the clinical use of these monitors 5,6 . Transcutaneous gas tension measurement using a Clark electrode would be another alternative, but the time constant of measurement is relatively long and hence a sudden drop of arterial oxygenation might not be detected quickly enough for an appropriate therapeutic response to be made. neither of these was available to us so we decided to monitor the arterial oxygenation by frequent sampling through an arterial catheter.
Methaemoglobin is formed naturally in the body. About 1% of the normal ferrous hb is continuously oxidized to the ferric state forming methaemoglobin. The simultaneous reduction of methaemoglobin to haemoglobin is mainly catalysed by nAdhdependent reductase (diaphorase). This normally keeps the methaemoglobin level at less than 1% 7 . Methaemoglobinaemia occurs when there is deficiency in the reducing enzyme activity, when haemoglobin M, an autosomal dominant condition which results in a variant haemoglobin with an amino acid substitution at or near the haem group, such that methaemoglobin becomes unusually resistant to reduction; or in patient with acquired or drug-induced methaemoglobinaemia 2, 7 . Acquired methaemoglobinaemia is usually caused by oxidizing drugs and toxic agents such as methylene blue, prilocaine, sulphonamides, and nitrates 7 . There are reports of erroneous pulse oximetry values in patients receiving such medications 3, 8 .
A careful history may help to distinguish the various forms of methaemoglobinaemia. recent onset of unexplained cyanosis is most commonly due to toxic methaemoglobinaemia. Parent to child transmission and longstanding cyanosis suggests the possibility of haemoglobin M, whereas congenital cyanosis in siblings is more consistent with the deficiency of nAdh-cytochrome b5 reductase (diaphorase) 9 .
Our patient most probably had a deficiency of nAdh-diaphorase activity, which is an inherited autosomal recessive condition 7 . There have been four types of nAdh-diaphorase deficiency described 10 . In Type I the enzyme deficiency is confined to red blood cells, but in Type II the deficiency is present throughout the body and manifests as neurological problems as well as methaemoglobinaemia. (Table 1) .
Our patient probably belonged to any of the forms except type II as he did not have any neurological disorders. A brother of this patient and his father had a similar condition whereas another brother and his mother were normal. We could not explain the frequency of occurrence of the disease in the patient's family, given the inheritance pattern of this condition. The description of the inheritance of congenital cytochrome b5 reductase deficiency as an autosomal recessive condition in the context of the father and two sons being clinically affected is unusual but possible. In such a case, the mother must be an unaffected carrier. however, since carriers are asymptomatic and there are no facilities available to detect the activity of their enzyme in our country, we could not pursue this analysis further.
The exact incidence of this condition is not known but it is more prevalent in some races such as the Inuit, native Americans and people whose ancestry was based around the Mediterranean 11 . In the eskimos, methaemoglobinaemia has been found to be quite prevalent with a gene frequency of 0.07. unlike the sickle cell trait, the heterozygous form which confers a degree of immunity against the lethal cerebral form of falciparum malaria, heterozygotes for congenital methaemoglobinaemia have not been found to have any such survival advantage. It is interesting to note that the patient and his family originated from a place in India, where the hindu God krishna, who was supposed to have dark bluish skin complexion, was born.
Methaemoglobin can be detected in the laboratory by various tests employing the techniques of cooximetry, electrophoresis or photospectrometry. however, a simple method to diagnose the presence of methaemoglobin in the blood is to agitate the blood with air for 15 minutes in a test tube. A truly hypoxic blood would turn bright red in contrast to the methaemoglobinaemic blood, which would retain its dark red hue 12 . This test can be useful in otherwise asymptomatic patients presenting with cyanosis on the preoperative visit. The time required for this bedside test limits its usefulness in anaesthetized patients or those in whom the cause for the cyanosis needs to be evaluated immediately.
Methaemoglobin in higher concentrations affects the oxygen transport in two ways 2, 7 . First, it does not participate in the oxygen transport and hence decreases the quantity of the functional haemoglobin that is available for oxygen transport. Second, the presence of methaemoglobin shifts the haemoglobin oxygen dissociation curve to the left and thereby further impairs oxygen delivery to the tissues.
Our patient had haemoglobin of 105 g/l, which constitutes mild anaemia. In our practice, the commonest cause of this, in this patient's demographic, is hook worm and other parasitic infestation.
The application of eutectic mixture of local anaesthetics (eMLA) 5% lignocaine-prilocaine has been found to be safe even in neonates, but is generally recommended to be avoided in patients less than three months of age 13, 14 . We did not use eMLA in our patient because we could not find any literature on the safety of prilocaine in patients with congenital methaemoglobinaemia. however we hypothesized that since our patient might be suffering from diaphorase deficiency, even doses that are described as safe for other patients might be toxic due to the inefficient reducing system.
Lignocaine's potential ability to cause acquired methaemoglobinaemia is controversial and widely contested [15] [16] [17] . We used lignocaine to topicalize the airway, which was an essential step in fibreoptic intubation of a spontaneously breathing anaesthetized patient. Other options available to us were either to paralyse or to deepen the plane of anaesthesia with sevoflurane. Muscle paralysis before intubation was ruled out due to the possibility of losing the airway. deep inhalational anaesthesia could not reliably obtund the intubation response and could raise the intraocular pressure, which was undesirable in our patient.
Patients with congenital methaemoglobinaemia should ideally be monitored with a co-oximeter to ensure the adequacy of oxygenation. If this were not available, realtime arterial blood gas analysis or CIABG would be suitable alternatives.
We conclude that an anaesthetist should be alerted to the diagnosis of haemoglobinopathy in a patient whose cyanosis does not improve even on adequate ventilation with 100% oxygen. Ignorance of this condition might lead to complications of attempts to treat the apparent hypoxia, as occurred in relation to our patient's second anaesthetic.
We recommend that all patients including children have their baseline arterial haemoglobin saturation measured by pulse oximetry before anaesthetic induction. Baseline abnormalities of SpO 2 should be 
